The tegument protein ppUL82 (pp71) of human cytomegalovirus (HCMV) has previously been shown to activate the immediate-early transcription of HCMV and to enhance the infectivity of viral DNA. This is concordant with its localization adjacent to promyelocytic leukemia oncogenic domains (PODs) immediately after infection. In a yeast two-hybrid screen, we identified the tegument protein ppUL35 as an interacting partner of ppUL82. The interaction could be confirmed in transfected and infected cells. The domain responsible for interaction was narrowed down to amino acids 447 to 516 within ppUL35, thus allowing both forms of ppUL35 to interact with ppUL82. Immunofluorescence experiments showed a relocalization of ppUL35 from a diffuse nuclear pattern when expressed alone to PODs when expressed together with ppUL82. In accordance with this observation and the role of ppUL82 as a transactivator, we observed a cooperative activation of the HCMV major immediate-early enhancer but not of heterologous viral enhancer elements. These results suggest an important role for this interaction in the stimulation of viral immediate-early gene expression and viral infection.
with the ability to enhance MIEP activity (24, 34, 38) . Of these additional proteins, pIRS1/pTRS1 and ppUL35 have also been reported to act cooperatively with ppUL82. By use of deletion mutants, the genes UL82 and UL69 were shown to be essential for viral growth, at least when a low multiplicity of infection (MOI) was used (4, 17) . However, while infection of fibroblasts with a virus carrying a deletion of the UL82 gene led to a strongly reduced transcription of immediate-early genes, in accordance with its role as a transactivator of the MIEP, the virus with a deletion of UL69 showed almost-wild-type levels of immediate-early transcription. Therefore, pUL69 appeared to be more important for the regulation of later phases of the infection or other, more indirect effects, such as cell cycle arrest (17) .
The precise mechanism of action of the regulatory tegument proteins is largely unknown. So far, only ppUL82 has been investigated in some detail. Immediately after infection, the protein could be detected in promyelocytic leukemia (PML) oncogenic domains (PODs) (19) . This same localization was also observed after expression from plasmids or by recombinant herpes simplex virus (18, 26) . The physical interaction between ppUL82 and human Daxx (hDaxx), a component of PODs, appeared to be necessary for its recruitment to PODs (18) . In addition, cotransfection of ppUL82 and hDaxx showed a cooperative activation of the MIEP. In accordance with this, infection of murine Daxx knockout cells did not result in localization of ppUL82 to PODs and led to reduced immediateearly gene expression (19) . It has been shown that ppUL82 acts via 19-bp elements of the MIEP (23) . Interactions of ppUL82 with other viral proteins have not been reported so far.
The UL35 open reading frame has been identified as an early-late gene (24) . It is transcribed into two coterminal transcripts, guiding the synthesis of two phosphorylated protein products, ppUL35 and a shorter form, ppUL35A, which cor-UL35-d6C and pCM1017 as the template. Similarly, for the amino-terminal deletions, primer UL35-3 was used together with primer UL35-del1N, UL35-del2N, UL35-del3N, UL35-del4N, ul35d5na5b, or UL35-del6N and pCM1017 as the template. These fragments were cloned into EcoRV-and NotI-digested vector pcDNA3-HA-N or pcDNA3-myc-N to obtain eukaryotic expression vectors for amino-terminally HA-or Myc-tagged proteins. For use in the yeast two-hybrid system, the respective fragments were cloned into SalI-and NotIdigested plasmid pPC86EmL. The sequences of all clones were determined to conform to the published HCMV AD169 sequence (8) .
Luciferase reporter constructs were generated by replacing the chloramphenicol acetyltransferase reporter genes of plasmids pRR57, pRR55, pRR56/3, and pRR56/5 (13, 37) with the Photinus pyralis luciferase gene. For this, the chloramphenicol acetyltransferase gene was removed from the respective plasmids by digestion with BamHI, followed by insertion of the luciferase cassette of p19luc (41) . This led to plasmids pHM287, pHM284, pHM289, and pHM286 containing the HCMV modulator-enhancer-promoter (position Ϫ1228 to 53), enhancerpromoter (Ϫ671 to ϩ53 or Ϫ188 to ϩ53), or promoter (Ϫ65 to ϩ53) regions, respectively. The luciferase reporter constructs pHIVluc (human immunodeficiency virus [HIV] long terminal repeat [LTR] upstream of luciferase) and pSV40luc (simian virus 40 [SV40] enhancer-promoter upstream of luciferase) have been described previously (44) .
Library construction. For generation of a genomic library of HCMV, we used an overlapping set of cosmids (11, 17, 20, 26, 62 ,°17,°60,°63) derived from the HCMV strain TB40E (35) . Cosmid DNA was sonicated to a medium size of 0.5 to 1 kb and blunt ended with mung bean nuclease. Thereafter, a single A nucleotide was added by treatment with Taq DNA polymerase in the presence of dATP. Fragments were size fractionated on an agarose gel. The fraction of fragments between 0.5 and 0.7 kb was ligated into the vector pPC86EmL that had been digested with SmaI and treated with Taq DNA polymerase in the presence of dTTP to generate single T overhangs (25) . The ligation reaction mixture was electroporated into Escherichia coli DH10B. Colonies were harvested, and library DNA was isolated by CsCl gradient purification (22) .
Yeast two-hybrid screening. Yeast two-hybrid screening was performed by using GAL4 fusion proteins as described previously (11) . Saccharomyces cerevisiae strain Y153 was transformed by the lithium acetate method with the bait plasmid pHM677 (18) . The plasmid pHM677 was stably maintained by selection for tryptophan prototrophy. The yeast strain containing pHM677 was subsequently transformed with a genomic library of the HCMV strain TB40E fused to the GAL4 activation domain in the pPC86EmL vector. Primary transformants (500,000) were selected for growth on His-Leu-Trp dropout plates containing 20 mM 3-aminotriazole. His ϩ colonies were thereafter analyzed for ␤-galactosidase activity by filter lift experiments. Interactor plasmids from clones positive in both assays were recovered in E. coli and sequenced. Subsequently, these plasmids were cotransformed into yeast strain Y153 together with pGBT9-UL82 or control plasmids in order to confirm the interaction in filter lift experiments.
Cell lines and culture. Human foreskin fibroblasts (HFF) were maintained in minimal essential medium (Gibco/BRL, Eggenstein, Germany) and used before passage 20. U373-MG and 293T cells were obtained from the American Type Culture Collection (Manassas, Va.) and maintained in Dulbecco's modified Eagle medium (Gibco/BRL). Murine hybridoma cells (p63-27, 28-77, 69-66, 12CA5, and 9E10 [see below]) were grown in RPMI 1640 medium (Gibco/BRL). All media were supplemented with 10% fetal calf serum, 2 mM L-glutamine (Biochrom AG, Berlin, Germany), 100 U of penicillin and 100 g of streptomycin (Gibco/BRL) per ml, and 1ϫ nonessential amino acids (Biochrom AG). The cells were grown at 37°C in a humidified 5% CO 2 atmosphere.
Antibodies and coimmunoprecipitation. Cell culture supernatant of human monoclonal antibody X2-16 directed against pUL48 was obtained from S. Foung (3). Murine monoclonal antibodies against IE1 (p63-27), pUL69 (69-66), ppUL82 (CMV355), ppUL83 (pp65) (28-77), pUL86 (MCP) , HA tag (12CA5), and Myc tag (9E10) were described previously and used as cell culture supernatants (6, 12, 30, 31, 33, 43) . Rabbit antisera directed against ppUL35, pUL69, and IE1 and -2 were described previously (15, 24, 44) .
For coimmunoprecipitation, 293T cells were seeded in 6-cm-diameter dishes at 70% confluency the day before transfection; 24 h later, the cells were transfected by calcium phosphate coprecipitation with 2 g of each plasmid (9) . After incubation overnight, the cells were washed two times with phosphate-buffered saline (PBS) to remove the precipitate and incubated with fresh medium. After 24 h, cells were washed again two times with PBS and harvested in 1 ml of PBS.
After centrifugation, the cell pellet was lysed in 500 l of lysis buffer (50 mM . Precipitated proteins were separated on 10 or 12% polyacrylamide gels and electroblotted onto polyvinylidene difluoride membranes by using a Transblot SD (Bio-Rad, Munich, Germany). To avoid nonspecific antibody binding, filters were blocked for 1 h in 3% skim milk powder-PBS. For detection of specific proteins, filters were incubated with primary antibodies for 1 h at room temperature. Rabbit antisera (anti-UL35, anti-UL69, and anti-IE1/2) were diluted 1:5,000 in PBS-0.1% Tween 20 containing 1% skim milk powder, whereas hybridoma supernatant was used undiluted. After the filters were washed three times for 10 min each in PBS-0.1% Tween 20 containing 1% skim milk powder, they were incubated for 1 h with horseradish peroxidase-conjugated secondary anti-mouse or anti-rabbit antibodies (DAKO, Hamburg, Germany) diluted 1:5,000 in PBS-0.1% Tween 20 containing 1% skim milk powder. Finally, the filters were washed two times for 10 min each in PBS-0.1% Tween 20 containing 1% skim milk powder and 10 for min in PBS-0.1% Tween 20. Bound antibodies were detected by using the ECL Western blotting detection reagents (Amersham Biosciences) according to the instructions of the manufacturer.
For coimmunoprecipitations from human fibroblasts, cells were seeded at 80% confluency and infected with HCMV strain AD169 1 day later. For precipitation of complexes from late infected cells, cells were infected at an MOI of 1. At 60 h postinfection (hpi), cells were washed twice with PBS, trypsinized, and harvested in 1 ml of PBS. After centrifugation, the cell pellet was lysed in 300 l of lysis buffer and processed as described above. For precipitation during the immediateearly phase, cells were infected at an MOI of 10. After 4 h, cells were trypsinized, pelleted, and washed twice with PBS-EDTA. The pellet was lysed in 300 l of lysis buffer for 20 min on ice. Insoluble material was pelleted by centrifugation (5 min, 13,000 rpm, 4°C). The supernatant was then centrifuged at 23,000 ϫ g for 2 h at 4°C to remove viral particles. The remaining supernatant was subjected to coimmunoprecipitation as described above.
Indirect immunofluorescence analysis. The day before transfection, HFF were seeded onto glass coverslips in 24-well plates at 4 ϫ 10 4 cells per well. Cells were transfected by using the Superfect transfection reagent (Qiagen, Hilden, Germany); 48 h later, transfected cells were washed three times with PBS and fixed for 10 min in 4% paraformaldehyde, followed by permeabilization with 0.2% Triton X-100 for 2 min. To block nonspecific binding, the coverslips were first incubated for 20 min at 37°C in 10% normal horse serum. Subsequently, the primary antibodies anti-UL35 rabbit serum (1:200 dilution), anti-UL69 rabbit serum (1:2,000 dilution), anti-PML murine monoclonal antibody PG-M3 (1:200 dilution; Santa Cruz Biotechnology, Santa Cruz, Calif.), and anti-pp71 murine monoclonal antibody CMV355 (undiluted cell culture supernatant) were added and incubated for 2 h at 4°C. After washing three times for 5 min with PBS, coverslips were incubated for 2 h at 4°C with secondary antibodies and DAPI (4Ј,6Ј-diamidino-2-phenylindole) (final concentration, 1 g/ml). As secondary antibodies, goat anti-mouse-fluorescein isothiocyanate and swine anti-rabbittetramethyl rhodamine isocyanate sera (DAKO, Hamburg, Germany) were used at a dilution of 1:50. After two final washing steps in PBS, the coverslips were mounted on slides with Vectashield H-1000 (Vector, Burlingame, Calif.). As controls, mock-transfected cells were fixed and stained as described above. Stainings with all combinations of antibodies used gave no signal. Images were taken with a TCS laser scanning system and the Leica TCS NT software (Leitz, Bensheim, Germany).
Reporter gene assays. For luciferase assays, U373-MG and HFF cells were plated onto six-well dishes at 3 ϫ 10 5 cells per well the day before transfection. Plasmid transfection was performed by the DEAE-dextran method as described previously. Briefly, medium was replaced with 750 l of fresh medium per well before transfection. Plasmid DNAs were mixed with 8 l of DEAE-dextran (50 mg/ml) and 250 l of medium and added to each well. After 3 h of incubation, the cells were washed two times with PBS and finally incubated in fresh medium. After 48 h, cells were lysed with 300 l of lysis buffer (25 
RESULTS
ppUL82 and ppUL35 interact in yeast and mammalian cells. To identify viral interaction partners of ppUL82 (pp71), we performed yeast two-hybrid screening. For this, we generated a random genomic library of HCMV strain TB40E fused to the GAL4 activation domain, with an average insert size of 0.5 to 0.7 kb, encompassing about 200 amino acids. This size should ensure good coverage of protein domains, which for eukaryotic proteins comprise about 130 amino acids. Our library consisted of 80,000 independent clones, thus scanning the HCMV genome with an average spacing of about 13 nucleotides. Using this library, we performed yeast two-hybrid screening with a bait plasmid encoding a fusion of the GAL4 DNA binding domain (GAL4-BD) with the UL82 open reading frame. We obtained two independent interacting clones corresponding to amino acids 346 to 516 of ppUL35 and 488 to 683 of ppUL32 (pp150). After isolation, the interactor clones were retested with plasmids encoding GAL4-BD alone or GAL4-BD fused to UL82 (pGBT9-UL82). In a filter lift assay, both interactor clones showed a strong interaction with pGBT9-UL82 but not with the empty vector pGBT9 (Fig. 1A) .
As positive control, we tested the interaction of UL80a with itself, which has been reported previously (47) .
To confirm the interaction between ppUL82 and ppUL35 in human cells, coimmunoprecipitation assays were performed. We transfected 293T cells with expression plasmids for HAtagged ppUL82 and ppUL35 or control vectors. Protein complexes were precipitated with a rabbit serum directed against ppUL35. After separation in a protein gel, coprecipitated HAtagged ppUL82 was detected in an immunoblot with a monoclonal antibody against the HA tag. As shown in Fig. 1B , ppUL82 could be precipitated only when coexpressed with ppUL35. As controls, we performed similar experiments after cotransfection of HA-tagged UL82 with the HCMV regulatory proteins pUL69 and ppUL123 (pIE1). Despite strong expression of all proteins, ppUL82 did not coprecipitate with pUL69 or ppUL123 (pIE1) (Fig. 1B) .
Finally, we investigated the salt stability of the ppUL82-ppUL35 complex by coimmunoprecipitation. Protein extracts were prepared in the presence of a standard salt concentration (150 mM NaCl) or 300 and 500 mM NaCl. As shown in Fig. 1C , the interaction could be detected up to the highest concentration of NaCl. However, the amount of ppUL82 decreased with increasing amounts of NaCl, showing some salt sensitivity of the complex. In summary, we could detect a novel and specific interaction between the two HCMV tegument proteins ppUL82 and ppUL35, which could be due to electrostatic forces.
ppUL82 interacts with both isoforms of ppUL35. To further characterize the interaction, we generated amino-and carboxyterminal deletions of ppUL35 and then performed analyses in the yeast two-hybrid system and by coimmunoprecipitation. As shown in Fig. 2 , the deletion of the last 74 amino acids did not affect the interaction with ppUL82. However, further deletion down to amino acid 489 abolished this interaction in both the yeast two-hybrid system and coimmunoprecipitation. Concerning the amino-terminal deletions, only the polypeptide corresponding to ppUL35A (amino acids 447 to 640) showed interaction with ppUL82 in the yeast two-hybrid system (Fig. 2A) . The failure to detect the interaction with the other aminoterminal deletions of ppUL35 is likely due to conformational distortion or instability in yeast cells, as all forms down to ppUL35A could be coprecipitated with ppUL82 after transient expression in 293T cells (Fig. 2B) . As expression of the shortest form of UL35, comprising amino acids 559 to 640, could not be detected, we did not perform any immunoprecipitation experiment with this polypeptide. Thus, our deletion analysis narrowed down the interacting domain to amino acids 447 to 566, which is in agreement with the results of the yeast two-hybrid screening. Both approaches taken together show that the domain responsible for binding of ppUL82 involves amino acids 447 to 516 of ppUL35, indicating that both isoforms of ppUL35 can bind to ppUL82. ppUL82 and ppUL35/ppUL35A form a complex in infected cells. To observe the interaction between ppUL82 and ppUL35 under physiologic conditions, we infected human fibroblasts with HCMV strain AD169. Extracts from late infected cells (60 hpi) were precipitated with monoclonal antibodies recognizing ppUL82, pUL48, and the major capsid protein pUL86 (MCP). Precipitated proteins were analyzed by immunoblotting with a rabbit serum against ppUL35. As shown in Fig. 3A , both forms of ppUL35 could be clearly precipitated with the monoclonal antibody CMV355 against ppUL82. Some minor signals were seen in coprecipitations with monoclonal antibodies against pUL48 or pUL86 (MCP) of HCMV. This is could be due to the precipitation of tegumented capsids that start to accumulate during the late phase. This experiment shows that a strong interaction between ppUL35 and ppUL82 can also be detected in infected cells.
As both ppUL35 and ppUL82 are delivered into the cell by the incoming virion, we also attempted to demonstrate the interaction between these proteins during the immediate-early phase. For this, we infected human fibroblasts with HCMV strain AD169 at an MOI of 10 and harvested cellular extracts at 4 hpi. Signals from precipitated intracellular virions were avoided by removal of particles from the extract by high-speed centrifugation. Thereafter, protein complexes were precipitated with monoclonal antibodies directed against ppUL82 or ppUL83 (pp65). Coprecipitated ppUL35 was detected by immunoblotting with a specific rabbit serum. As shown in Fig. 3B , we could clearly observe an interaction between ppUL82 and ppUL35. No interaction was seen after precipitation of ppUL83 (pp65). In addition, we did not detect a signal at the size of ppUL35A, as this isoform is not incorporated into the virion.
ppUL82 and ppUL35 cooperatively transactivate the HCMV enhancer-promoter. As ppUL82 has been previously shown to stimulate the MIEP of HCMV (23), we investigated whether the physical interaction between the two proteins would influence the activity of this regulatory element. For this, we transfected U373-MG cells with luciferase reporter constructs comprising different regions of the MIEP together with plasmids encoding ppUL82 and/or ppUL35 or pcDNA3 as a control (Fig. 4A) . A reporter construct containing the modulator-enhancer (position Ϫ1228 to ϩ53) was activated by ppUL82 or ppUL35 alone and showed a cooperative effect when both proteins were present. Essentially the same result was obtained when the transfection was repeated in fully permissive HFF cells (Fig. 4B) . Therefore, the results obtained with both cell types are comparable, and for further experiments we relied on transfection of U373 cells. In contrast to the results obtained with the modulator-containing reporter plasmid, cotransfection with a construct containing the enhancer-promoter (position Ϫ672 to ϩ53) showed activation only by ppUL35 and no cooperative effect. When constructs comprising only the promoter (Ϫ65 to ϩ53) or part of the enhancer (Ϫ188 to ϩ53) were used, we observed no activation after cotransfection with either UL82 or UL35 alone or in combination.
As two isoforms of the UL35 protein, full-length ppUL35 and the shorter ppUL35A, are synthesized in infected cells and as both forms can interact with ppUL82, we also tested the UL35A gene in the luciferase assay. As can be seen in Fig. 4C , ppUL35A showed no activating effect on the modulator-containing HCMV MIEP construct, either alone or in combination with ppUL82.
Next, we wanted to test whether the cooperativity between ppUL35 and ppUL82 was specific by using two independent approaches. First, we employed expression vectors for additional tegument proteins, ppUL83 (pp65) and ppUL32 (pp150), as controls in cotransfections with the modulator-containing construct. As shown in Fig. 5A , both UL83 and UL32 showed only minor effects when transfected alone. Importantly, neither of these genes showed any cooperative effect with UL35 or UL82. In contrast, we again observed cooperativity between UL35 and UL82 and, as reported earlier, between UL69 and UL82 (Fig. 5A, bars 4 and 6) (45) . When all three genes (UL35, UL69, and UL82) were transfected simultaneously, we   FIG. 2 . Identification of the ppUL82 binding domain in ppUL35. (A) Amino-and carboxy-terminal deletion mutants of ppUL35 were generated by PCR and either cloned into yeast vector pPC86EmL to generate a fusion with the GAL4 activation domain or inserted into eukaryotic expression vectors to generate Myc-tagged versions. The deletion mutant containing amino acids (aa) 447 to 640 is equivalent to the short protein isoform ppUL35A. Yeast strain Y153 was cotransformed with the indicated constructs containing a UL35 deletion fused to the GAL4 activation domain together with either a plasmid containing ppUL82 fused to the GAL4-BD (pGBT9-UL82) (panels 2 to 13) or pGBT9 as control (panels 15 to 26). Colonies were analyzed for the expression of ␤-galactosidase by filter lift assay. The interaction of the full-length protein ppUL35 with ppUL82 was used as a positive control (panel 1). Empty vectors pPC86EmL and pGBT9 were used as negative controls (panels 14, 27, and 28). found an even stronger activation (Fig. 5A, bar 14) . However, we did not observe a cooperative effect after coexpression of ppUL35 and pUL69 (Fig. 5A, bar 7) . In a second experiment, we cotransfected UL35 and UL82 with reporter constructs containing the HIV LTR or the SV40 enhancer-promoter (Fig. 5B) . In contrast to the cooperative activation of the HCMV MIEP, both heterologous enhancer elements were not cooperatively stimulated. Interestingly, UL82 showed a slight but consistent reduction of activity of the HIV LTR (Fig. 5B, bars 2 and 4) . A similar reduction was also seen on the promoter region of the HCMV MIEP (Fig. 4A , HCMV MIEP Ϫ65 to ϩ53). UL35 was only able to activate the SV40 enhancer-promoter and did not show any effect on the HIV LTR (Fig. 5B, bar 7) . This activation was reduced by UL82 (Fig. 5B, bar 8) .
ppUL82 concentrates ppUL35 to PODs. Having shown the interaction between ppUL82 and ppUL35, we wondered whether cotransfection of both genes would affect their subnuclear localization. When ppUL35 was transiently expressed in HFF cells, it showed a dispersed nuclear staining with some accumulation at PODs as visualized with an antibody against PML (Fig. 6, panels 1 to 3) . Interestingly, for cotransfection with UL82, we detected a clear accumulation of ppUL35 in PODs (Fig. 6 , panels 4 to 6), with almost no ppUL35 remaining in other parts of the nucleus. In addition, ppUL35 perfectly colocalized with ppUL82 (Fig. 6, panels 10 to 12) . As a control, we used pUL69, which was able to cooperate with ppUL82 ( Fig. 5A ) but did not physically interact (Fig. 1B) . When expressed alone, pUL69 showed disperse nuclear staining (Fig. 6 , panels 16 to 18), which was not altered after coexpression of UL82 (pp71) (panels 13 to 15). Likewise, coexpression of pUL69 and ppUL35 did not lead to a change in the nuclear distribution of ppUL35 (Fig. 6, panels 7 to 9) , demonstrating that the ppUL82-induced relocalization of ppUL35 is a specific effect.
DISCUSSION
Several tegument proteins of HCMV have been shown to activate the MIEP either alone or cooperatively. For most of these proteins, the mechanism of activation and cooperation remains elusive. In this report, we provide for the first time a physical basis for the functional interaction between two of these tegument proteins, namely, ppUL35 and ppUL82.
The interaction between the two proteins was identified in a yeast two-hybrid screen with ppUL82 as bait and a genomic library of HCMV. Physical interaction was confirmed by coimmunoprecipitation of both proteins from transfected and in- fected cells. This interaction was specific, as other nuclear proteins of HCMV, i.e., pUL69 and pUL123 (IE1), could not coprecipitate ppUL82. In addition, the interaction between ppUL35 and ppUL82 could be detected in the presence of high salt concentrations, making it unlikely that the proteins form an unspecific complex. Nevertheless, higher salt concentrations reduced binding, indicating that the interaction could be due to electrostatic binding forces. This is in agreement with the observation that many heteromeric interactions rely mostly on electrostatic forces (21) .
In addition to the physical interaction, we could demonstrate a colocalization of ppUL35 and ppUL82 by immunofluorescence analysis from transiently transfected HFF cells. Whereas ppUL35 showed a largely diffuse nuclear staining when expressed alone, almost all ppUL35 accumulated in nuclear dot structures in the presence of ppUL82. When we analyzed for colocalization with PML, which is responsible for the formation and maintenance of PODs, we observed that the dot-like structures formed by colocalization of ppUL82 and ppUL35 overlapped with PODs. The association of ppUL82 with PODs in both transfected and infected cells had previously been described to be dependent on interaction with hDaxx, a component of PODs (18, 19) . Furthermore, upon initiation of infection, ppUL82 and viral DNA localized to or in close proximity to PODs, and this localization appeared to be necessary for efficient initiation of immediate-early transcription (19) . These observations make it likely that ppUL82 is a component that brings together both viral and cellular protein components (ppUL35 and hDaxx) for efficient initiation of the viral replication cycle. However, final evidence for delivery of ppUL35 into PODs directly after infection is still lacking, as we were not able to detect the ppUL35 tegument component of incoming virus particles immediately after infection by immunofluorescence. In our hands, the full-length form of ppUL35 localized to the nucleus. This is in contrast to a previous report, where it was proposed that full-length ppUL35 is present in the cytoplasm and only ppUL35A is localized to the nucleus (24) . At present, we have no explanation for these discrepant results. However, the described cytoplasmic distribution of full-length ppUL35 is based on an enhanced green fluorescent protein fusion protein, where the enhanced green fluorescent protein domain could lead to a change in localization. Alternatively, HCMV strain differences could be responsible for altered properties of ppUL35. We note that our nuclear localization of ppUL35 also fits with the activation of the HCMV MIEP, which was not observed in the previous study (24) . Furthermore, we would assume that ppUL35 relocalizes to the cytoplasm during virus maturation due to incorporation into the tegument.
The interaction between the proteins ppUL82 and ppUL35 was extended to the functional level by reporter gene assays. Using transient luciferase experiments, we could show a strong cooperative activation of the HCMV MIEP by UL82 and UL35, whereas each gene alone showed only a weak stimulation. This effect was seen both in fully permissive primary human fibroblasts and in the glioblastoma cell line U373-MG and is in accordance with a previous report (24) . As several other tegument proteins have been shown to activate the HCMV MIEP alone and in various combinations, we used two sets of experiments to demonstrate the specificity of cooperation between UL82 and UL35. First, two abundant tegument proteins, ppUL83 (pp65) and ppUL32 (pp150), had no effect on the activity of the MIEP, independent of whether ppUL82 or ppUL35 was present or not. Second, the synergism of UL35 and UL82 was highly specific for the HCMV MIEP and could not be detected by using heterologous enhancer-promoter elements, such as the SV40 enhancer-promoter and the HIV LTR. This is in agreement with published data that ppUL82 was not able to transactivate the SV40 enhancer-promoter or the HIV LTR (23) . To get closer to the situation during infection, we also performed infectivity assays, in which viral DNA was cotransfected with expression vectors for certain viral genes and the number of plaques originating from this transfection was scored. We found a cooperative enhancement of infectivity when UL82 and UL35 were cotransfected with viral DNA (K. Schierling and M. Winkler, unpublished observation). Furthermore, we have observed that the deletion of UL35 from the viral genome, like the deletion of UL82, resulted in a growth defect which was more pronounced at low MOI (K. Schierling and M. Winkler, unpublished data). MOI-dependent growth defects have been described for a variety of HCMV mutants associated with immediate-early gene expression (20, 29) .
In summary, we could show an interaction between the HCMV tegument proteins ppUL35 and ppUL82, leading to the accumulation of ppUL35 in PODs, which are essential for initiation of viral IE transcription. As both proteins cooperatively activated the HCMV MIEP, this interaction could contribute to an effective onset of lytic replication and virus production.
